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(54) Optical disc recording method and apparatus 



(57) A method for recording on a write-once type op- 
tical disc. A laser light beam excited to light emission by 
a recording pulse having a pulse width corresponding 
to the length of a pit formed, with the recording power 
of substantially the leading end o the pulse being 



stepped over plural stages, is illuminated on a write- 
once type optical disc for recording. This enables re- 
cording with an optimal pit shape at a speed faster than 
a quadrupled speed, such as at an octupled speed or a 
duo-deca-tupled speed. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] This invention relates to an optical disc record- 
ing method apparatus of a marl^ length recording system 
in which the laser light is illuminated on a recording sur- 
face of an optical disc to form pits for information record- 
ing. More particularly, it relates to a method and appa- 
ratus for recording an optical disc in which recording is 
made at a speed higher than a quadrupled speed, such 
as octupled or duodeca-tupled speed. 

Description of Related Art 

[0002] Up to now, in recording the information on a 
recording medium, such as an optical disc, in accord- 
ance with an optical modulation system, thermal control 
is exercised by pulsed light emission of the laser In order 
to form pits (marks) optimally on a disc. Specifically, the 
pulse waveform is set as a driving pulse for driving the 
laser, while the level (wave crest value) during each 
pulse period is also controlled to control the laser power 
and the laser illuminating period. 
[0003] For example, in an optical recording and/or re- 
producing apparatus, typified by a CD-R (CD-Recorda- 
ble) or CD-RW (CD-ReWritable), a pulse length control- 
ling system or a pulse train recording system is used, in 
which the pulse length or the number of pulses of the 
laser light illuminated is varied depending on the record- 
ing mark length or space length to be recorded to control 
the laser power outputting domain. 
[0004] The Orange-Book Part 2 (version 3.1), as the 
latest standard of CD-R, is premised, as the standard 
per se, on the mono-tupled speed, double-speed and 
quadrupled speed recording. The laser light emission 
control related to the write speed, that is recording strat- 
egy (recording compensation) is prescribed as shown 
in Figs. 1 and 2. That is, in the CD-R standard, the in- 
formation is recorded on an optical disc by the combi- 
nation of pits (marks) and lands (spaces) of 3T to 11 T. 
For the recording strategy for mono-tupled speed and 
double-speed recording, the laser power outputting do- 
main of (n-9)T+aT is prescribed, where 9 = 1 T and a = 
0.1 3T, with the laser power forming nT pits (marks) be- 
ing Pw, as shown in Fig.1. For the recording strategy for 
quadrupled speed recording, (n-e)T and ODT are pre- 
scribed as being output domains of the laser power Pw 
and the laser power AP, respectively, with the laser pow- 
er forming nT pits (marks) being Pw+AP, where AP is 20 
to 30% of Pw and ODT is set to 1 .25T to 1 .5T. It is noted 
that the mono-tupled speed herein means a speed of 
1.2 to 1.4 m/s with the disc being run in rotation at a 
constant linear velocity (CLV). 

[0005] Meanwhile, if the recording strategy pre- 
scribed by the above-mentioned Orange Book stand- 



ard, premised on the mono-tupled speed recording, 
double speed recording and on the quadrupled speed 
recording, is to be applied to recording at a speed higher 
than the quadrupled speed, such as octupled speed re- 

5 cording or duodeca-tupled speed recording, thermal in- 
terference occurs between the pit and land codes to be 
recorded, with the result that recording signals are de- 
teriorated in signal quality due to deformed pit shape or 
to increased jitter. 

10 [0006] That is, the ideal relation between recording 
data and pits is such that, for recording data with a length 
equal to nT, a pit with a length equal to nT is formed to 
an oblong shape, as shown in Fig. 3. If now the octupled 
speed recording, for example, is to be made with the 

15 recording strategy for mono-tupled speed recording and 
double speed recording, a tear-shaped pit is formed in 
which the trailing end side of the pit is spread in a direc- 
tion perpendicular to the track center, as shown in Fig. 
4. If the recording strategy for quadrupled speed record- 

20 ing is used, there is again formed a tear-shaped pit 
which is only slightly improved over the case of the oc- 
tupled speed recording as to spreading of the pit in the 
direction perpendicular to the track center, as shown in 
Fig.5. 

25 [0007] In Figs.4 and 5, the time periods A and B de- 
note time delay as from the turning on of the laser emis- 
sion until start of the pit forming process. On the other 
hand, the time periods a, b and c denote time delay as 
from the turning off of the laser light emission until ter- 

30 mination of the pit forming process. 

[0008] If the recording signal is deteriorated in quality 
due to deformed pit shape or increased jitter, there is a 
risk that regular reproduction cannot be realized. 

35 SUMMARY OF THE INVENTION 

[0009] It is therefore an object of the present invention 
to provide an optical disc recording method and appa- 
ratus whereby pits can be formed to an optimal shape 

40 at a speed faster than the quadrupled speed, such as 
an octupled speed or duodeca-tupled speed. 
[0010] In one aspect, the present invention provides 
an optical disc recording apparatus including recording 
pulse generating means for setting a recording power 

45 at approximately the leading end portion of a recording 
pulse in steps of a plurality of stages and for generating 
a recording pulse of a pulse width corresponding to a 
length of a pit to be formed, and laser means for illumi- 
nating the laser light by the recording pulse supplied to 

50 form a recording data string comprised of pits and lands 
defined between the lands on a recording medium, 
wherein the laser light emitting pulsed light by the re- 
cording pulse generated by the recording pulse gener- 
ating means is illuminated on a write-once optical disc 

55 as the recording medium to effect recording. 

[0011] In another aspect, the present invention pro- 
vides a recording method for an optical disc including 
generating a recording pulse having a pulse width cor- 
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responding to a length of a pit formed, tlie recording 
pulse being so formed that a recording power at approx- 
imately the forward end thereof is stepped over plural 
stages and illuminating a laser light beam, excited in 
pulsed light by the recording pulse, on a write-once op- 5 
tical disc to effect recording. 

[0012] In still another aspect, the present invention 
provides a recording apparatus for an optical recording 
medium including means for causing rotation of the re- 
cording medium, a controller for controlling the rotation- io 
al speed of the rotating means, laser means for illumi- 
nating the laser light by drive pulses supplied to form a 
recording data string including a pit and lands ahead and 
at back of the pit on the recording medium, drive pulse 
generating means for generating a first pulse corre- 15 
spending to recording data, a second pulse for synthesis 
to a leading end of the first pulse and a third pulse for 
synthesis to a leading end of the first pulse, and for syn- 
thesizing the first to third pulses to generate the drive 
pulse, and pulse generation controlling means for per- 20 
forming control so that the level or the pulse width of one 
or more of the first to third pulses generated by the drive 
pulse generating means is varied depending on at least 
one of the lengths of the pit and the land formed. 
[0013] In yet another aspect, the present invention 25 
provides a recording method for forming a recording da- 
ta string including generating afirst pulse corresponding 
to recording data, a second pulse for synthesis to a lead- 
ing end of the first pulse and a third pulse for synthesis 
to a leading end of the first pulse, as pulses the level or 30 
the pulse duration of which is varied depending on at 
least one of the length of the pit formed and the length 
of the land formed, synthesizing the first to third pulses 
to generate a recording pulse, and illuminating the laser 
light by the drive pulse to form a recording data string 35 
including pits and lands between for and aft side pits on 
a recording medium rotated at a pre-set speed. 
[0014] According to the present invention, as de- 
scribed above, in which the recording pulse with a pulse 
width corresponding to a length of a pit formed, having 40 
a recording power at approximately the forward end 
thereof stepped over plural stages, is generated, and 
the laser light excited into pulsed light by the recording 
pulse is illuminated to effect recording, it becomes pos- 
sible to reduce thermal interference due to inter-symbol 45 
interference between the codes, that is the pits and the 
lands recorded, with the result that pits/lands may be 
formed to an optimum shape to enable a sufficient re- 
play margin to be produced even at a high-speed re- 
cording such as octupled speed recording. In addition, 50 
the recording quality may be improved through reduc- 
tion in the recording jitter. 

[0015] That is, with the present invention, recording 
with optimal pit shape may be achieved at a speed high- 
er than the quadrupled speed, such as at an octupled 55 
or duodeca-tupled speed. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0016] 

Figs. 1 A and 1B show waveform diagrams showing 
recording strategies in mono-tupled speed record- 
ing and double speed recording as prescribed in the 
Orange-Book standard. 

Figs.2A and 2B are waveform diagrams showing a 
recording strategy in quadrupled speed recording 
as prescribed in the Orange-Book standard. 
Figs.3A and 3B illustrate an ideal recording state. 
Figs.4A and 4B illustrate pit distortion in octupled 
speed recording using the recording strategies in 
mono-tupled speed recording and double speed re- 
cording. 

Figs.SA and 5B illustrate pit distortion in octupled 
speed recording using the recording strategy in 
quadrupled speed recording. 
Fig. 6 is a block diagram showing a structure of an 
optical disc recording and/or reproducing apparatus 
embodying the present invention. 
Fig. 7 is a waveform diagram showing the recording 
strategy as used in the optical disc recording and/ 
or reproducing apparatus shown in Fig. 6. 
Fig. 8 is a block diagram showing a specified illus- 
trative structure of a recording pulse generating cir- 
cuit in the optical disc recording and/or reproducing 
apparatus shown in Fig. 6. 

Fig. 9 is a waveform diagram showing the recording 
operation by the optical disc recording and/or repro- 
ducing apparatus shown in Fig. 6. 
Fig. 10 is a graph showing measured results of re- 
play 3T pit jitter characteristics obtained on octupled 
speed recording on a CD-R disc coated with a cy- 
anine-based organic dyestuff. 
Fig. 11 is a graph showing measured results of re- 
play 3T land jitter characteristics obtained on octu- 
pled speed recording on a CD-R disc coated with a 
cyanine-based organic dyestuff. 
Fig. 12 is a graph showing measured results of re- 
play 3T pit jitter characteristics obtained on octupled 
speed recording on a CD-R disc coated with a 
phthalocyanine-based organic dyestuff. 
Fig. 13 is a graph showing measured results of re- 
play 3T land jitter characteristics obtained on octu- 
pled speed recording on a CD-R disc coated with a 
phthalocyanine-based organic dyestuff. 
Fig. 14 is a wavefonn diagram showing a modifica- 
tion of a recording strategy as used in the optical 
disc recording and/or reproducing apparatus shown 
in Fig. 6. 

Fig. 1 5 is a block diagram of a recording laser power 
controlling system embodying the present inven- 
tion. 

Figs.16A to 16E illustrate recording laser patterns 
and driving pulses embodying the present inven- 
tion. 
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Figs. 17 to 22 illustrate typical recording laser pat- 
terns embodying the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] Referring to the drawings, preferred embodi- 
ments of the present invention will be explained in detail. 
[0018] The present invention is applied to an optical 

disc recording and/or reproducing apparatus 100 con- 
figured as shown for example in Fig. 6. 
[0019] The optical disc recording and/or reproducing 
apparatus 1 GO, shown in Fig. 6, is adisc drive of the mark 
length recording system in which a CD-R (CD-Record- 
able), that is a write-once optical disc 1 , is run in rotation 
at a CLV by a spindle motor 2, and in which the laser 
light is illuminated on the recording surface of the optical 
disc 1 by an optical head 3 to form pits to effect data 
recording and/or reproduction. The optical disc record- 
ing and/or reproducing apparatus 100 includes a servo 
circuit 4, connected to the spindle motor 2 and to the 
optical head 3, a recording pulse generating circuit 5, 
connected to the optical head 3, a replay signal process- 
ing circuit 6, similarly connected to the optical head 3, 
an encoder/decoder circuit 7, connected to the record- 
ing pulse generating circuit 5 and to the replay signal 
processing circuit 6, an SCSI interfacing circuit 8, con- 
nected to the encoder/decoder circuit 7, and a system 
controller 9 connected to the servo circuit 4, encoder/ 
decoder circuit 7 and to the SCSI interfacing circuit 8, 
and is connected to an external host computer 10 
through the SCSI interfacing circuit 8. 
[0020] The servo circuit 4 is controlled by the host 
computer 10 as to a control operation conforming to a 
control command supplied from the host computer 10 
through the SCSI interfacing circuit 8. The servo circuit 
4 driving-controls the spindle motor 2 to cause the rota- 
tion of the optical disc at the CLV, so that, during data 
recording and/or reproduction, a target area on the re- 
cording surface ofthe optical disc 1 will be accessed by 
the optical head 3. The servo circuit 4 also controls the 
optical head 3 as to its feed, focusing and tracking. 
[0021] In this optical disc recording and/or reproduc- 
ing apparatus 100, data to be written is sent from the 
host computer 10 through the SCSI interfacing circuit 8 
to the encoder/decoder circuit 7 where the data to be 
written is encoded into signals of the desired data for- 
mat, for example, EFM signals, so as to be sent to the 
recording pulse generating circuit 5. 
[0022] The recording pulse generating circuit 5 in the 
optical disc recording and/or reproducing apparatus 1 00 
performs recording strategy (recording compensation) 
processing on the EFM (eight-to-fourteen modulated) 
signals, supplied from the encoder/decoder circuit 7, de- 
pending on dye materials ofthe recording medium, ma- 
terial type of the reflecting film, linear speed, or on re- 
cording speed characteristics of the optical system of 
the recording and/or reproducing apparatus, to gener- 



ate recording pulses. 

[0023] Fig. 7 shows typical recording pulses generat- 
ed by the recording pulse generating circuit 5. 
[0024] In Fig.7, the recording pulses ODT1 and ODT2 
5 are variably set in the ranges of 

OT < ODT1 < 3.0T, Pw*0.0 < API < Pw*0.5 



OT < ODT2 < 3.0T, Pw*0.0 < AP2 < Pw*0.5 

within a recording pulse outputting period of 3T to 11T. 
It is noted that ODT1 , ODT2, API and AP2 are related 
15 to one another by 

ODT1 > ODT2 



API > AP2. 

[0025] Meanwhile, the outputting periods ofthe re- 
cording pulses ODT1 and ODT2 can be independently 
varied for each of the recording pulses 3T to 11T, if the 
relationship: 

ODT1(3T)>ODT1(4T)^ ODT1(,,T) 

ODT2(3T) > ODT2(4T) ^ 0DT2(^1T) 

is maintained. 

[0026] It is noted that, in recording on a recording me- 
dium, such as an optical disc, in accordance with the 
optical modulation recording system, the shorter the 
length of a land (space) lying directly ahead of the pit to 
be recorded, the more likely the thermal interference is 
produced, because the heat accumulated in recording 
the directly previous pit (mark) is not dissipated suffi- 
ciently. With the present recording pulse generating cir- 
cuit 5, the pulse lengths of the respective pulses can be 
variable optionally and independently by proper combi- 
nations of the pits (marks) and lands (spaces) to be re- 
corded, thereby varying the recording pulse length such 
as to optimize the replay signal following the recording. 
[0027] The recording pulses, generated by the re- 
cording pulse generating circuit 5, are furnished to a la- 
ser diver circuit 30 for laser driving, enclosed in the op- 
tical head 3. The laser diode is driven by the laser diver 
circuit 30 in accordance with the logic of the recording 
pulses to cause the laser diode to emit light to record 
data on the optical disc 1 . 

[0028] The recording pulse generating circuit 5 for su- 
perposing two-step stacking portions API, AP2 at ap- 
proximately the leading end of an EQEFM recording 
pulse VI by the recording strategy processing to gener- 
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ate the recording pulse V1 includes a pit/land length de- 
tection circuit 51, an EQEFM generating circuit 52, an 
ODP1 generating circuit 53 and an ODP2 generating cir- 
cuit 54, as shown for example in Fig. 8. 
[0029] In this recording pulse generating circuit 5, the 
pit/land length detection circuit 51 detects the pulse 
width of the EFM signal sent from the encoder/decoder 
circuit 7 and directly previous pit and land lengths. The 
EQEFM generating circuit 52 generates an EQEFM re- 
cording pulse VI of a pre-set level and pulse width de- 
rived from the EFM signal, while the ODP1 generating 
circuit 53 generates an ODP recording pulse V2 to be 
added to approximately the leading end of the laser driv- 
ing pulse and the ODP2 generating circuit 54 generates 
an ODP2 recording pulse V3 to be added to approxi- 
mately the leading end of the laser driving pulse. The 
recording pulses V1 , V2, V3, generated by the EQEFM 
generating circuit 52, ODP1 generating circuit 53 and 
the ODP2 generating circuit 54, respectively, are varia- 
bly controlled as to the pulse widths or pulse levels (volt- 
age levels) depending on the pulse width of the EFM 
signal detected by the pit/land length detection circuit 
51 or on directly previous pit lengths or land lengths. 
[0030] It is noted that switches SW1 , SW2 and SW3 
are changeover circuits for enabling/disabling the re- 
cording pulses, ODP recording pulses V2 and ODP re- 
cording pulses V3, respectively, and are controlled by 
the system controller 9. 

[0031] That is, the system controller 9 is responsive 
to the write command and the mode setting command 
sent from the host computer 1 0 to recognize with which 
multiple speed the recording data transferred from the 
host computer 10 is to be recorded on the disc. The 
switches SW1, SW2 and SW3 are changed over re- 
sponsive to the write speed as required. For example, 
if the write speed is mono-tupled or double speed, the 
switches SW2 and SW3 are turned off to disable the 
ODP1 generating circuit 53 and the ODP2 generating 
circuit 54 so that ODP recording pulses V2 or ODP re- 
cording pulses V3 are not added as the recording pulse 
as shown in Fig. 1. If the write speed required is the 
quadrupled speed, only the switch SW3 is turned off so 
as not to permit the ODP recording pulse V3 to be added 
as the recording pulse shown in Fig. 2. In recording data 
with the octupled speed or duo-deca-tupled speed, as 
in the present invention, the switches SW1 , SW2 and 
SW3 are all turned on to permit the recording pulse 
shown in Fig. 7 to be output. 

[0032] The recording pulses VI to V3, generated in 
the recording pulse generating circuit 5, are sent to the 
laser diver circuit 30 enclosed in the optical head 3. The 
laser diode LD is driven by the laser diver circuit 30 in 
accordance with the logic of each recording pulse to 
cause the recording laser to emit light to record data on 
the optical disc 1 . In the laser diver circuit 30, the record- 
ing pulses VI to V3, generated by the ODP1 generating 
circuit 52, ODP1 generating circuit 53 and the ODP2 
generating circuit 54, are converted by current/voltage 



converting circuits 31 to 33 into recording current signals 
II to 13, respectively, which are summed and synthe- 
sized together by an addition circuit 34 to generate a 
driving current I (=11 + 12 + 13) which then is caused to 
5 flow through the laser diode LD to drive the laser diode 
LD to cause the recording laser to emit light to record 
data on the optical disc 1 . 

[0033] That is, in this recording pulse generating cir- 
cuit 5, the driving current i, obtained on summing the 

10 recording pulses V1 to V3, generated in the recording 
pulse generating circuit 5, as current values, is caused 
to flow through the laser diode LD, and the recording 
laser of the light emission waveform having two-step 
stacked portions API and AP2 in approximately the 

15 leading edge of the EQEFM signal is illuminated from 
the laser diode LD on the recording surface of the optical 
disc 1 , as shown in Fig. 9, to form a track comprised of 
a pit and a land on the recording surface. 
[0034] In Fig. 9, the time period C indicates the time 

20 delay since the turning on of the laser light emission until 
a pit starts to be formed, while the time period c indicates 
the time delay since the turning off of the laser light emis- 
sion until the pit has been formed. The time periods C 
and c may be represented by 

25 

C<B<A 



c<b<a, 

where the time periods A and a are time periods in case 
recording is made using the recording strategy for mo- 
no-tupled and double speed recording, as shown in Fig. 
4, and the time periods B and b are the time periods in 
case recording is made using the recording strategy for 
quadrupled speed recording, as shown in Fig. 5. That is, 
the above time period C and c are shorter than the time 
periods A and a or B and b. 

[0035] Thus, with the optical disc recording and/or re- 
producing apparatus 100 according to the present in- 
vention, pits/lands can be produced which are adapted 
more accurately to the EFM signals in high-speed re- 
cording. 

[0036] In this optical disc recording and/or reproduc- 
ing apparatus 100, in which the driving current i is gen- 
erated by summing the ODP recording pulse V2 and 
ODP recording pulse V3 to the EQEFM recording pulse 
V1 , the levels or the pulse widths of the pulses V1 to V3 
are varied depending on the recording conditions, or on 
pulse widths of the EFM signals detected by the pit/land 
length detection circuit 51 or directly previous pit or land 
length, with the pulse length being optionally and inde- 
pendently set responsive to each of the durations of 3T 
to 11T 

[0037] In actuality, the pulse width or the pulse level 
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is adjusted depending on sucli conditions as the disc 
material type (type of the dye film material), disc makers, 
recording linear velocity or optical properties of the op- 
tical head. 

[0038] In particular, in view of difference in the thermal 
reaction caused by the difference in the type of the dye 
material, it is effective to check for the type of the disc 
loaded in recording or the disc producer to adjust the 
pulse width or level. It is similarly effective for the record- 
ing operation to adjust the pulse width or level after the 
start of the recording. 

[0039] Of the cyanine-based or phthalocyanine- 

based disc, characteristics of the replay 3T pit/land jitter 
were measured, and the results shown in Figs. 1 0 to 13 
were obtained. 

[0040] Figs. 10 and 11 show measured results of re- 
play 3T pit jitter characteristics and replay 3T land jitter 
characteristics, obtained on octupled speed recording 
on a CD-R medium coated with the cyanine-based or- 
ganic dye. Figs. 12 and 13 show measured results of re- 
play 3T pit jitter characteristics and replay 3T land jitter 
characteristics, obtained on octupled speed recording 
on a CD-R medium coated with the phthalocyanine- 
based organic dye. In Figs. 10 to 13, the abscissa and 
the ordinate denote the recording power and the RF jitter 
contained in the replay RF signals. 
[0041] In Figs. 10 to 13, the measured results in case 
recording is effected for 9 = 0.25, a = 0.1 3T, using the 
recording strategy for conventional mono-tupled and 
double speed recording shown in Fig. 1 , those in case 
recording is effected for 9 = 0.25, a = 1 .50T and AP = 
30%, using the recording strategy for conventional 
quadrupled speed recording shown in Fig. 2, and those 
in case recording is effected on the optical disc record- 
ing and/or reproducing apparatus 1 00 of the present in- 
vention with the optimized pulse lengths of the respec- 
tive recording pulses, are indicated by ■, A and •, re- 
spectively. 

[0042] As may be seen from the measured results of 
the replay 3T pit/land jitter characteristics, shown in 
Figs. 10 to 13, the post-recording pit/land jitter is im- 
proved significantly, without regard to the type of the or- 
ganic dye material or the recording medium used, whilst 
the lowering in the power margin of the jitter with respect 
to the recording power or in the recording power may 
be prohibited appreciably. 

[0043] In the above-described optical disc recording 
and/or reproducing apparatus 100, the recording laser 
light comprised of the EQEFM recording pulse VI, on 
approximately the leading edge of which AP 1 and AP2 
are stacked, is adapted to emit light. Alternatively, such 
a recording strategy may also be used in which the re- 
cording pulse generating circuit 5 generates the EQEFM 
recording pulse V1 and m sorts of ODP1 recording puls- 
es, namely the ODP1 recording pulse VI to ODPm re- 
cording pulse Vm, with pulse widths of LI to Lm, to 
cause the recording laser of a waveform having the m- 
stage stacked portions API to APm at approximately the 



fon/vard end of the EQEFM recording pulse V 1 to emit 
light to effect recording, as shown in Fig. 14. 
[0044] The components of a modified embodiment of 
a disc drive device responsible for generating laser driv- 
5 ing pulses at the time of recording are extracted and 
shown in Fig. 15. Meanwhile, the overall structure of the 
disc drive device is similar to that of the first embodiment 
shown in Fig. 1 . 

[0045] During recording, the EFM signals from the en- 

10 coder/decoder circuit 7 are sent to a recording pulse 
generator 121 which is made up of a pit/land length de- 
tection circuit 131, an end pulse generating circuit 132, 
a first pulse generating circuit 133 and an EQEFM gen- 
erating circuit 134. 

15 [0046] The EQEFM generating circuit 134 generates 
an EQEFM signal VII of a pre-set level and a pulse 
width derived from the EFM signal. 
[0047] The first pulse generating circuit 133 gener- 
ates a first over-drive pulse V21 to be added to approx- 

20 imately the leading end of a laser driving pulse. 

[0048] The end pulse generating circuit 132 gener- 
ates an end over-drive pulse V31 to be added to approx- 
imately the trailing end of the laser driving pulse. 
[0049] The end pulse generating circuit 132, first 

25 pulse generating circuit 1 33 and the EQEFM generating 
circuit 134 generate respective pulses V1 1, V21 and 
V31 with pulse widths corresponding to the pulse width 
of the EFM signal. The pulse width or the pulse level 
(voltage level) is variably controlled depending on the 

30 current pulse width or the directly previous pit or land 
length of the EFM signal as detected by the pit/land 
length detection circuit. 

[0050] The switches SW1, SW2 and SW3 are 

changeover circuits for enabling/disabling the EQEFM 

35 signal V1 1 , first over-drive pulse V21 and the end over- 
drive pulse V31 , and are controlled by the system con- 
troller 9. That is, the system controller 9 is responsive 
to the write command or the mode setting command 
sent from the host computer 1 0 to recognize with which 

40 multiple speed the recording data transferred from the 
host computer 1 0 is to be recorded on the disc. The sys- 
tem controller 9 changes over the switches SW1 to SW3 
depending on the write speed as required. For example, 
if the write speed is the mono-tupled or double speed, 

45 the system controller 9 disables the first pulse generat- 
ing circuit 133 and the end pulse generating circuit 132 
by turning the switches SW2 and SW3 off so as to pre- 
clude the appendage of the first over-drive pulse V21 
and the end over-drive pulse V31, as indicated by the 

50 drive pulse shown in Fig. 1 . If the write speed as request- 
ed is the quadrupled speed, only the switch SW3 is 
turned off to preclude the outputting of the end over- 
drive pulse V31 as indicated by the drive pulse shown 
in Fig .2. In recording the data at an octupled speed, as 

55 newly proposed in accordance with the present inven- 
tion, all of the switches SW1 , SW2 and SW3 are turned 
on to output a drive pulse as indicated in Figs. 1 7 to 22. 
[0051] The EQEFM signal VII , first over-drive pulse 
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V21 and the end over-drive pulse V31 are converted re- 
spectively into current signals i1 1 , 121 and 131 in the cur- 
rent/voltage converting circuits 137, 136, 135 in laser 
diver circuit 30. 

[0052] In the addition circuit138, the current signals 
i17, 127 and 137 are added to give the driving current i 
applied to the laser diode LD. 

[0053] Meanwhile, in the present embodiment, con- 
trol signals from the system controller 9 are input to the 

voltage/current converting circuits 137, 136, 135. That 
is, if the level (amplitude) of each pulse is to be changed 
depending on e.g., the rotational speed of the disc (lin- 
ear speed relative to the \.racW) during recording, length 
of the pit recorded, the material type of the recording 
layer (dye layer) used in the disc, or ambient tempera- 
ture, control signals or parameters are input by the sys- 
tem controller 9. Thus, the level (amplitude) of the re- 
spective signals V1 1 , V21 , V31 is individually controlled 
by parameters applied to the voltage/current converting 
circuits 137, 136, 135. Although the voltage/current con- 
verting circuits 1 37, 1 36, 1 35 are provided in the present 
embodiment with the level adjustment function, it is also 
possible to provide a level adjustment circuit upstream 
or downstream of the voltage/current converting circuits 
137, 136, 135 as a separate circuit. 
[0054] The laser power controlled in the present stric- 
ture is as follows: 

[0055] Figs.16C,16D and 16E show specified exam- 
ples of the end over-drive pulse (ODP END;V31), first 
over-drive pulse (ODP FIRST; V21) and EQEFM signal 
VII , respectively. 

[0056] The laser power output by the driving current 
i, corresponding to the current values rendered from the 
signals VII, V21 and V3 1 and summed together, is as 
shown in Fig.16A. That is, the power by the first over- 
drive pulse is summed to the leading end of the EQEFM 
signal, whilst the power by the over-drive pulse is 
summed to the trailing end. It is noted that Pr, Pw and 
Pod are the replay laser level, recording laser level and 
the laser level by the over-drive pulse, respectively. 
[0057] By the output laser power of the laser diode LD 
being controlled in this manner, a track by the pit P and 
the land L is formed on the disc 1 , as shown in Fig. 1 6B. 
[0058] In Fig. 16, the time period C denotes the time 
delay as from the turning on of the laser light emission 
until the pit P starts to be formed, whilst the time period 
c denotes the time delay as from the turning off of the 
laser light emission until the end of forming of the pit P. 
[0059] These time periods C and c are shorter than 
the time periods A, B, a and b shown in Fig. 5, meaning 
that, in the present embodiment the pits/lands coping 
accurately with the EFM signals can be formed even in 
recording at a high speed. 

[0060] In the present embodiment, the end over-drive 
pulse and the first over-drive pulse are summed to the 
EQEFM signals to generate the driving signal i. The 
EQEFM signals end over-drive pulse and the first over- 
drive pulse, generated by the recording signal generat- 



ing unit 121, can be varied in level or pulse width de- 
pending on the pit or land length of the fore and aft side 
pits and lands as detected by the pit/land length detec- 
tion circuit. The system controller 9 optionally variably 
5 sets the pulse width depending on the different pulses 
3Tto 11T. 

[0061] That is, the pulse width is basically the pulse 
of(N-X(N))T pulse for the N(T) EFM pulse. 
[0062] That is, the values X3 to XII for setting the 
10 pulse widths of the EQEFM signal are optionally respec- 
tively set depending on the respective pulses of 3T to 
11T. 

[0063] For example, Fig.16A is associated with the 
EFM signals of Fig.3A, whereas EQEFM signal with the 
15 pulse width of (3-X3)T pulse width is generated during 
the 3T pulse period of the EFM signals. Also, during the 
1 1 T pulse period, the EQEFM signal with the pulse width 
of (11-X11)T is generated. 

[0064] That is, the pulse width is controlled in accord- 
20 ance with the different in the pulse width, that is the dif- 
ference in the heat storage on the recording track 
caused by the difference in the laser illuminating time 
period, thus enabling the pits/lands suitably conforming 
to the EFM signals. 
25 [0065] By way of an example, the values of X3 to X1 1 
may take on the values of 0.25 to 0.2. 
[0066] To the EQEFM signal are summed the first 
over-drive pulse and the end over-drive pulse. As the 
synthesized waveform pattern (laser output level control 
30 pattern), a variety of patterns as shown for example in 
Figs.17 to 22 may be used. In Figs. 17 to 22, LI and L2 
denote pulse widths ofthe first over-drive pulse an the 
end over-drive pulse, respectively. 
[0067] Fig. 17 shows a case in which LI = L2 and in 
35 which the rising of the first over-drive pulse and the de- 
cay of the EQEFM signal are synchronized with the 
EQEFM signal. 

[0068] Fig. 18 shows a case in which LI < L2 and in 

which the rising ofthe first overdrive pulse and the decay 
40 of the EQEFM signal are synchronized with the EQEFM 
signal. 

[0069] Fig. 19 shows a case in which LI > L2 and in 
which the rising of the first over-drive pulse and the de- 
cay of the EQEFM signal are synchronized with the 
45 EQEFM signal. 

[0070] Fig. 20 shows a case in which LI = L2 and in 
which the rising of the first over-drive pulse is earlier 
than the EQEFM signal and the decay of the end over- 
drive pulse is later than the EQEFM signal. 
50 [0071] Fig. 21 shows a case in which LI < L2 and in 
which the rising of the first over-drive pulse is synchro- 
nized with the EQEFM signal and the decay of the end 
overdrive pulse is later than the EQEFM signal. 
[0072] Fig. 22 shows a case in which LI > L2 and in 
55 which the rising of the first over-drive pulse is earlier 
than the EQEFM signal and the decay of the end over- 
drive pulse is synchronized with the EQEFM signal. 
[0073] In all of these figures, it is possible to realize a 
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laser light emission pattern as indicated as an LD light 
output. 

[0074] Other patterns than these may, of course, be 
realized. 

[0075] The respective patterns may be selectively 
used, in particular the time periods LI and L2 may be 
set, depending on the pit and land lengths directly before 
and after detection by the pit/land length detection cir- 
cuit. For example, if the directly previous land domain is 
longer, the time period LI is longer, whereas, if the di- 
rectly previous land domain is shorter, the time period 
LI is shorter. 

[0076] That is, the laser driving pattern is controlled 
depending on variations in the heat storage caused by 
different pit/land lengths. 

[0077] The lengths ofthe time periods LI and L2 are 
variable in a range from OT to 3T. 
[0078] Although not shown, the levels (voltage val- 
ues) of the end over-drive pulse and the first over-drive 
pulse may be varied depending on the lengths of the 
fore and aft side pit and land, as in LI and L2 above. 
[0079] That is, the heat quantity stored in the disc 1 
is determined on the basis of both the laser light volume 
and the time period, such that optimum laser drive pat- 
tern may be set depending on the variations of the heat 
storage quantity by the pit length/land length. 
[0080] For example, the level Pod in Fig. 16 is 
changed between e.g., a 20%-up value, 25%-up value 
and a 30%-up value of the recording laser power Pw. 
[0081 ] So, when a CD-R as the disc 1 is run in rotation 
at an octupled speed for data recording, the parameters 
given in generating the respective pulses are hereinafter 
explained, taking a waveform pattern shown in Fig. 19 
as an example. 

[0082] With the EQEFM signal having a pulse width 
of(N-0.25)T, the first over-drive pulse and the end over- 
drive pulse, added to the EQEFM signal, are of pulse 
widths LI and L2 equal to 1 .75T and IT, respectively, if 
the length of the lands formed directly ahead and at back 
is 8T. These pulses are of a level (amplitude) larger by 
approximately 30% than the level of the EQEFM signal. 
Meanwhile, the pulse width of the first over-drive pulse 
is varied, as the system controller 9 sets parameters for 
the recording signal generator 121, depending on the 
length of the pit to be recorded (3T to 1 1 T) or the length 
of the land (3T to 1 1 T) formed directly before and after 
the pit. That is, there are a sum total of 729 parameters 
corresponding to different combinations of nine directly 
previous land lengths, nine recording pit lengths and 
nine directly following land lengths. For example, LI = 
1 .75T is set to 1 .05T and to 0.35T if the recording pit 
length is 4T and in a range of 5T to 1 1 T, respectively. In 
addition, -0.2T to +0.2T is added to these values de- 
pending on the directly previous land lengths. For ex- 
ample, if LI = 1 .75T is a reference value, Li is set to a 
value from 1 .55T to 1 .95T. 

[0083] In actuality, the pulse width and the pulse level 
are also adjusted depending on the type of the disc ma- 



terial (that of the dye film material), disc producer, re- 
cording linear speed, recording speed or characteristics 
of the optical system of the optical pickup 1 . 
[0084] Moreover, since the difference in the thermal 

5 reaction is caused by e.g., the difference in the type of 
the dye film material, it is effective to discriminate the 
sort of the disc loaded or the maker at the time of re- 
cording to adjust the pulse width or the pulse level. The 
execution environmentduring recording, such as the re- 

10 cording linear speed or the recording speed, may be 
transmitted by e.g., the system controller 9 to the record- 
ing pulse generator 121 to adjust the pulse width or the 
pulse level for optimal recording. 
[0085] Thus, by controlling the laser light emission by 

15 the driving current i corresponding to the sum of the 
EQEFM signal to the end over-drive pulse and to the 
first over-drive pulse as shown in Fig.16A, by varying 
the level or the pulse width of the EQEFM signal, end 
over-drive pulse and the first over-drive pulse in the re- 

20 cording pulse generator 121 depending on recording 
conditions or on the lengths of fore and aft side pits and 
lands and by optionally variably setting the pulse width 
depending on different durations of 3T to 11T. The first 
and second embodiments of the present invention may 

25 also be applied in combination. 



Claims 

30 1. An optical disc recording apparatus comprising: 

recording pulse generating means for setting a 
recording power at approximately the leading 
end portion of a recording pulse in steps of a 
35 plurality of stages and for generating a record- 

ing pulse of a pulse width corresponding to a 
length of a pit to be formed; and 
laser means for illuminating the laser light by 
the recording pulse supplied to form a recording 
40 data string comprised of pits and lands defined 

between said lands on a recording medium; 
wherein 

the laser light emitting pulsed light by the re- 
cording pulse generated by said recording 
45 pulse generating means is illuminated on a 

write-once optical disc as said recording medi- 
um to effect recording. 

2. The optical disc recording apparatus according to 

50 claim 1 wherein 

said recording pulse generating means gen- 
erates at least a first pulse corresponding to record- 
ing data, a second pulse for synthesis to a leading 
end of said first pulse and a third pulse for synthesis 

55 to a leading end of said first pulse, said third pulse 
being of a pulse width smaller than said second 
pulse, said first to third pulses being synthesized to 
generate said recording pulse. 
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3. The optical disc recording apparatus according to 
claim 2 wlierein 

said recording pulse generating means varies 
the pulse width and/or the pulse level of one or more 

of said first to third pules, depending on recording 5 
conditions, to generate said recording pulse. 

4. The optical disc recording apparatus according to 
claim 2 wherein 

said recording pulse generating means in- io 
eludes pit/land length detection means for detecting 
the length of the pit/land to be formed and varies 
the pulse width and/or the pulse level of one or more 
of said first to third pules, depending on the combi- 
nations of the lengths of the pits/lands to be formed, 15 
based on a detection output by said pit/land length 
detection means, to generate a recording pulse. 

5. The optical disc recording apparatus according to 
claim 2 wherein 20 

said recording pulse generating means varies 
the pulse width and/or the pulse level of one or more 
of said first to third pules, depending on conditions 
of an optical disc for recording, to generate the re- 
cording pulse of a pulse width. 25 



elude outputting of at least one of said first to third 
pulses generated by said recording pulse generat- 
ing means, said recording pulse generating means 
performing switching control of said changeover 
means in association with a speed of forming a re- 
cording data string on said recording medium. 

11. The optical disc recording apparatus according to 
claim 10 wherein 

said recording pulse generating means con- 
trols said changeover means so that, if said optical 
disc is rotated at a linear speed not higher than a 
speed four times a reference speed, said third pulse 
is not output. 

12. A recording method for an optical disc comprising: 

generating a recording pulse having a pulse 
width corresponding to a length of a pit formed, 
said recording pulse being so formed that a re- 
cording power at approximately the fonward 
end thereof is stepped over plural stages; and 
illuminating a laser light beam, excited in 
pulsed light by said recording pulse, on a write- 
once optical disc to effect recording. 



6. The optical disc recording apparatus according to 
claim 4 wherein 

said recording pulse generating means varia- 
bly sets the pulse width of one or more of said first 
to third pulses responsive to at least one of the 
length of the pit formed directly previously and the 
length of the land formed directly previously. 

7. The optical disc recording apparatus according to 
claim 4 wherein 

said recording pulse generating means varies 
the pulse width of said first pulse depending on the 
length of a land formed directly ahead of a pit 
formed. 

8. The optical disc recording apparatus according to 
claim 7 wherein 

said recording pulse generating means varies 
the pulse width of said first pulse depending on the 
length of a pit formed. 

9. The optical disc recording apparatus according to 
claim 7 wherein 

said recording pulse generating means varies 
the pulse width of said first pulse depending on the 
length of a land formed directly at back of a pit 
formed. 

10. The optical disc recording apparatus according to 
claim 1 further comprising: 

changeover means for switching the opera- 
tion of said drive pulse generating means to pre- 



13. The recording method for an optical disc according 
to claim 1 2 wherein at least a first pulse correspond- 
ing to recording data, a second pulse for synthesis 

30 to a leading end of said first pulse and a third pulse 
for synthesis to a leading end of said first pulse, said 
third pulse being of a pulse width smaller than said 
second pulse, are generated, said first to third puls- 
es being synthesized to generate said recording 
35 pulse. 

14. The recording method for an optical disc according 
to claim 13 wherein recording is performed as the 
pulse width and/or the pulse level of one or more of 

40 said first to third pules is controlled depending on a 
recording condition. 

15. The recording method for an optical disc according 
to claim 13 wherein recording is performed as the 

45 pulse width and/or the pulse level of one or more of 
said first to third pules is controlled depending on 
different combinations of the lengths of the pits/ 
lands formed. 



50 16. The recording method for an optical disc according 
to claim 13 wherein recording is performed as the 
pulse width and/or the pulse level of one or more of 
said first to third pules is varied depending on the 
condition of the optical disc to effect recording. 

55 

17. A recording apparatus for an optical recording me- 
dium comprising: 
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means for causing rotation of the recording me- 
dium; 

a controller for controlling the rotational speed 
of said rotating means; 

laser means for illuminating the laser light by 
drive pulses supplied to form a recording data 
string including a pit and lands ahead and at 
back of said pit on said recording medium; 
drive pulse generating means for generating a 
first pulse corresponding to recording data, a 
second pulse for synthesis to a leading end of 
said first pulse and a third pulse for synthesis 
to a leading end of said first pulse, and for syn- 
thesizing said first to third pulses to generate 
said drive pulse; and 

pulse generation controlling means for per- 
forming control so that the level or the pulse 
width of one or more of said first to third pulses 
generated by said drive pulse generating 
means is varied depending on at least one of 
the lengths of the pit and the land formed. 

18. The recording apparatus for an optical recording 
medium according to claim 17 wherein 

said pulse generation controlling means vari- 
ably sets the levels of said second and third pulses 
depending on a pre-set recording condition. 

19. The recording apparatus for an optical recording 
medium according to claim 17 wherein 

said pulse generation controlling means vari- 
ably sets the pulse widths of second and third puls- 
es within a range of OT to 3T depending on a pre- 
set recording condition. 

20. The recording apparatus for an optical recording 
medium according to claim 17 wherein 

said pulse generation controlling means vari- 
ably sets the pulse widths of one or more of said 
first to third pulses responsive to at least one of the 
lengths of the pit and the land formed directly 
ahead. 

21. The recording apparatus for an optical recording 
medium according to claim 17 further comprising: 

means for detecting the length of the land 
formed directly ahead of a pit formed, said pulse 
generation controlling means varying the pulse 
width of said first pulse depending on the length of 
the land detected. 



23. The recording apparatus for an optical recording 
medium according to claim 21 further comprising: 

means for detecting the length of the land 
formed directly at back of a pit formed, said pulse 
5 generation controlling means varying the pulse 

width of said first pulse depending on the length of 
the land detected. 

24. The recording apparatus for an optical recording 
10 medium according to claim 1 7 further comprising: 

means for switching the operation of said 
drive pulse generating means so that at least one 
of said first to third pulses generated by said drive 
pulse generating means are not output, said drive 
15 pulse generating means performing switching con- 
trol of said changeover means in association with 
the speed with which a recording data string is 
formed on said recording medium. 

20 25. The recording apparatus for an optical recording 
medium according to claim 24 wherein said record- 
ing medium is a write-once type optical disc and 
wherein said pulse generating means controls the 
changeover means so that, if the optical disc is ro- 
25 tated at a linear speed not faster than four times a 
reference speed, said third pulse will not be output. 

26. A recording method for forming a recording data 
string comprising: 

30 generating a first pulse corresponding to re- 

cording data, a second pulse for synthesis to a lead- 
ing end of said first pulse and a third pulse for syn- 
thesis to a leading end of said first pulse, as pulses 
the level or the pulse duration of which is varied de- 

35 pending on at least one of the length of the pit 
formed and the length of the land formed, synthe- 
sizing said first to third pulses to generate a record- 
ing pulse, and illuminating the laser light by said 
drive pulse to form a recording data string including 

40 pits and lands between for and aft side pits on a 
recording medium rotated at a pre-set speed. 

27. The recording method according to claim 26 further 
comprising: 

performing control at the step of generating 
said first to third steps so that none of said second 
pulse nor said third pulse will be generated in asso- 
ciation with a speed with which recording data is 
formed on said recording medium. 
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22. The recording apparatus for an optical recording 
medium according to claim 21 further comprising: 
means for detecting the length of a pit formed, 
said pulse generation controlling means varying the 55 
pulse width of said first pulse depending on the 
length of the pit detected. 
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